We suggest to classify baryon resonances as single-quark states in a mean field, and/or as its collective excitations. Identifying the Roper resonance N (1440, + . We argue that Θ + is an analog of the Gamov-Teller excitation long known in nuclear physics.
It was argued 30 years ago by Witten [1] that if the number of colors N c is large, the N c quarks constituting a baryon can be viewed as moving in a mean field whose fluctuations are suppressed as 1/N c . Whether N c = 3 of the real world is large enough for the mean field in baryons to be a working notion is a question to which there is no general answer: it depends on how large are 1/N c , 1/N 2 c , ... corrections to a particular baryon observable. However, experience in hadron physics tells us that usually the relations between observables found in the large-N c limit are in satisfactory agreement with reality, unless there are special reasons to expect large 1/N c corrections [1, 2] . In any case, it is helpful to understand how baryons are constructed in the large-N c limit, before corrections are considered.
The mean field can, in principle, have components with various quantum numbers J P C = 0 ++ (scalar), 0 −+ (pseudoscalar), 1 −− (vector), 1 ++ (axial), etc. Since the mean field is created by N c quarks of the u, d, s flavor it is also characterized by the flavor quantum numbers like isospin T and hypercharge Y . We do not consider baryons with heavy quarks here.
One expects that the mean field inside heavy ground-state baryons has the maximal possible, that is spherical symmetry. There is no problem in writing a spherical-symmetric scalar, flavor-singlet field as σ(x) = P 1 (r) where r = |x| is a distance from the center of a baryon, however we immediately run into a problem of how to write the Ansatz for, say, the mean pseudoscalar field. Being pseudoscalar it has to be odd in x. The minimal extension of spherical symmetry is then the "hedgehog" Ansatz "marrying" the isotopic and space axes:
This Ansatz breaks spontaneously the symmetry under independent space and isospin rotations, and only a simultaneous rotation in both spaces remains a symmetry. At the same time it breaks the SU(3) flavor symmetry. One may argue that the SU(3) symmetry is explicitly broken from the start by m s ≫ m u,d , however one can as well consider the strange quark mass m s as a small perturbation [3] . In the chiral limit, m s → 0, the Ansatz (1) breaks spontaneously the SU(3) symmetry: the first three component of the pseudoscalar octet are privileged. Full symmetry is restored when one rotates the asymmetric mean field in flavor and ordinary spaces: that produces many baryon states with definite quantum numbers.
The rôle of a small m s is in fact the same as of the infinitesimal magnetic field in materials with a spontaneous magnetization: it establishes the preferred direction of magnetization.
In our case, the Ansatz (1) is privileged since m s = 0, regardless of whether it is considered sizable or infinitesimal.
If in a baryon there are mean vector fields with the quantum numbers of ω and φ (and there are no a priori reasons why they should be absent), the Ansätze for those fields in correspondence with Eq. (1) are ω 0 , φ 0 (x) = P 3,4 (r); ω i , φ i (x) = n i P 5,6 (r). The Ansatz for the axial a 1 field is A a 0 = n a P 7 (r), A a i = ǫ aij n j P 8 (r) + δ a i P 9 (r) + n a n i P 10 (r), and so on.
In the mean field approximation, justified at large N c , one looks for the solutions of the Dirac equation for single quark states in the background mean field. The Dirac Hamiltonian for quarks is, schematically,
In fact, the one-particle Dirac Hamiltonian is most probably nonlocal and momentumdependent (as it would follow e.g. from Fiertz-transforming and then bosonizing color quark interactions), therefore Eq. (2) is a symbolic presentation. However, several important statements can be made on general grounds:
• Given the Ansatz for the mean fields σ, π, V, A, the Hamiltonian (2) actually splits • According to the Dirac theory, all negative-energy levels, both for s and u, d quarks, have to be fully occupied, corresponding to the vacuum. It means that there must be exactly N c quarks antisymmetric in color occupying all (degenerate) levels with J 3 from −J to J, or K 3 from −K to K; they form closed shells that do not carry quantum numbers
• Filling in the lowest level with E > 0 by N c quarks makes a baryon.
We shall suppose that the energy levels with minimal |E| are K P = 0 + for u, d quarks and J P = The splitting between the centers of the multiplets (8, This excited state generates a rotational band of SU(3) multiplets of its own, but we do not consider them here.
E=0 u, d s
If there is a 1 2 − level for s quarks, it can be excited also by an s quark jumping from its highest filled level 1 2 + , see Fig. 3 . This is a particle-hole excitation which does not change the nucleon quantum numbers (except for parity), as we are just adding an ss pair to the valence u, d level that determines the quantum numbers. We therefore identify this excitation with N(1535, 1 2 − ). We see that at N c = 3 it is predominantly a pentaquark state u(d)udss. That explains its large branching ratio in the ηN decay [7] , a long-time mystery.
We also see that, since the highest filled level for s quarks is lower than the highest filled level for u, d quarks, N(1535, There is also a low-lying Roper resonance N(1440, We now come to the crucial point: Given that there is an unoccupied level for u, d quarks, In nuclear physics, the charge-exchange excitations generated by the axial current j ± µ 5 , when a neutron from the last occupied shell is sent to an unoccupied proton level or vice versa are known as Gamov-Teller transitions [10] ; they have been extensively studied both experimentally and theoretically. Thus our interpretation of the Θ + is that it is a GamovTeller-type resonance long known in nuclear physics.
However, the calculation of the Θ + width should be different from that in nuclear physics.
For the Gamov-Teller transition in a nuclei, it is sufficient to calculate the matrix element between the initial and final states of the transition axial current. To make it more accurate, one can take into account a correction from the admixture of particle-hole states to the oneparticle states. This approximation is often called the RPA; it goes beyond the mean field.
In the baryon case, even a one-particle state of the leading mean-field approximation, shown in Fig. 1 , is in fact a Fock state with additional quark-antiquark pairs. These arise when one decomposes the filled negative-energy levels in the plane wave basis [11, 12] .
Therefore, unlike its nuclear physics counterpart, the Θ + decay amplitude has, already in the mean field approximation, two contributions: one is from the conventional "fall-apart" process whereas the other is the "5-to-5" transition of the Θ + to the 5-quark component of the nucleon [5, 13] . The two amplitudes are separately not Lorentz invariant -only their sum is. In the lab frame there is a tendency for the two amplitudes to cancel each other [14] . In the infinite momentum frame, however, the "fall-apart" amplitude (the simple one) is zero in the chiral limit, and only the "5-to-5" amplitude survives. The one-particle
Hamiltonian (2) is covariant, such that there is no problem in transforming the mean field to an infinite momentum frame, which is the shortest way to evaluate the Θ + width. [It may seem somewhat unusual but we do not have much experience from the past in computing pentaquarks widths!] The program has been carried out in the Chiral Quark Soliton Model with the result Γ Θ ∼ 1 MeV with no parameter fitting [12, 15] .
It should be stressed that the small width of Θ + has no relation to and no influence from the large width of the Roper resonance. When Θ + decays, the valence level (to which the Roper resonance decays) is Pauli-blocked, and the fact that an ordinary "3-to-3" decay width of the Roper resonance is large does not effect the width of the Θ + which is very narrow owing to physics completely different from that governing the Roper decay.
There can be additional one-particle and/or particle-hole excitations, however just the two excited levels suggested here (0 + for u, d quarks and 
